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Circulatory retention of urinary factors as a stimulus to renal
growth. Both unilateral nephrectomy and unilateral ureteral
obstruction are followed by growth of the contralateral kidney.
The mechanisms that initiate this compensatory renal hypertro-
phy, however, have not been established. The present study
examined the possible role of reduced excretory function, or
circulatory retention of urinary products, as a stimulus to renal
growth. For this purpose, eight rats (YzUR) were subjected to
continual i.v. reinfusion of half their urine output for one week, a
procedure that left the mass, and presumably the nonexcretory
functions, of the kidneys intact. These rats were compared with
eight rats with unilateral nephrectomy (Uni-Nx) and eight sham-
manipulated control rats (SHAM). On the seventh day of the
study, kidney weights, both wet and after drying at 100°C for 24 hr,
were compared among the three groups. Mean individual kidney
weights of the 1/zUR rats were increased in comparison with those
of either SHAM rats (wet weight, 30% greater; dry weight, 25%
greater: P <0.01 for both) or the initially-removed kidney of Uni-
Nx rats (wet weight, 50% greater; dry weight, 32% greater; P <
0.01 for both). Left vs. right kidney weights (wet or dry) did not
differ in either /UR or SHAM rats. As expected, the mean weight
of the remaining kidney in Uni-Nx rats was significantly greater
than that of the initially-removed contralateral kidney or of the
SHAM kidneys. Dry weight of the hypertrophied Uni-Nx kidney
was 10% greater than that of individual YzUR kidneys (P < 0.05).
The calculated total amount by which the dry weight of both Y2UR
kidneys was increased, however, was somewhat greater than the
increase noted in the Uni-Nx kidneys. Thus, a selective reduction
of urinary excretory function in the '/2UR rats led to bilateral renal
growth. This finding suggests that following unilateral nephrec-
tomy or unilateral ureteral obstruction, circulatory retention of
factors normally excreted in the urine may play an important role
as a stimulus to renal hypertrophy.
Presence dans Ia circulation de facteurs unnaires agissant
comme stimulus de Ia croissance du rein. La néphrectomie unilat-
érale et l'obstruction urétérale sont toutes deux suivies d'une
augmentation de Ia taille du rein controlatéral. Cependant, les
mécanismes qui dCclenchent cette hypertrophie compensatrice
n'ont pas été établis. Ce travail envisage le role possible d'une
diminution de Ia fonction excrétrice ou de Ia retention, dans Ia
circulation. de facteurs urinaires comme stimulus de l'hyper-
trophie rénale. Pour cela huit rats (YUR) ont été soumis a Ia
re-injection continue, pendant one semaine, de Ia moitié de leur
debit urinaire, procédé qui laisse intacte Ia masse de tissu renal et
probablement aussi les fonctions non excrétoires des reins. Ces
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rats ont été compares a huit rats ayant subi une néphrectomie
unilatérale (Uni-Nx) et huit rats ayant subi un simulacre
d'intervention (SHAM). Au septieme jour de l'étude les poids des
reins, humides et après dessication a 100°C pendant 24 hr, ont été
compares dans les trois groupes. Les poids moyens des reins des
rats /zUR sont supérieurs a ceux des SHAM (poids humide,
supérieur de 30%; poids sec, supérieur de 25%; P <0,01 dans les
deux cas) et a ceux des reins enlevés initialement aux rats Uni-Nx
(poids humide, supérieur de 50%; poids sec, superieur de 32%; P
<0,01 dans les deux cas). II n'y a pas de difference entre les poids
humides et secs des reins droits et gauches dans les groupes 1hUR
et SHAM. Comme cela était prévu le poids moyen do rein restant
des rats Uni-Nx est significativement supérieur au poids moyen du
rein contro-latéral enlevé initialement ou des reins du groupe
SHAM. Le poids sec des reins hypertrophiés du groupe tJni-Nx
est de 10% supérieur a celui des reins du groupe YzUR (P < 0,05).
La quantité dont le poids sec des deux reins du groupe '/2UR a
augmenté est un peu plus grande, cependant, que l'augmentation
observée pour le rein des Uni-Nx. Ainsi, one reduction selective
de Ia fonction d'excrétion urinaire a entraInC une hypertrophie
rénale bilatérale. Cette constatation suggère que, apres une
nephrectomie unilatérale ou one obstruction urétérale unilatérale,
Ia retention dans le circulation de facteurs normalement excrétés
dans l'urine puisse jouer un rOle important comme stimulus de
l'hypertrophie rénale.
Following unilateral nephrectomy, the contralat-
eral kidney promptly begins to exhibit both morpho-
logical and biochemical evidence of growth, usuaHy
referred to as "compensatory hypertrophy" [1]. The
mechanisms that lead to this growth response in
remaining renal tissue remain to be established.
Since chronic unilateral ureteral obstruction, as well
as unilateral nephrectomy, results in contralateral
renal hypertrophy [2, 3], it appears likely that
decreased renal function, rather than decreased renal
mass per se, initiates the process of renal growth. In
view of the diversity of functions—excretory, meta-
bolic, and hormonal—for which the kidneys are
responsible, it is unclear exactly which function, or
combination of functions, when reduced, might lead
to compensatory renal hypertrophy.
The present study was undertaken to examine the
effects of a chronic, selective reduction in renal
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excretory function in rats. This was accomplished by
continually reinfusing intravenously half the urine
output of the animal, a procedure that left the mass,
and presumably the nonexcretory functions, of the
kidneys intact. We observed that this process led to
significant bilateral renal growth, a finding that sug-
gests that reduction of urinary excretion, or retention
of factors normally excreted in the urine, may be one
of the stimuli for the renal hypertrophy that follows
removal or obstruction of the opposite kidney.
Methods
Twenty-four female, Sprague-Dawley rats (Charles
River Breeding Laboratories, Wilmington, MA)
weighing 181 to 220g were studied. The rats, which
had free access to standard rat chow and drinking
water prior to study, were prepared as follows.
On the first day of study (day 1), each animal was
anesthetized with ether to permit implantation of
a polyethylene PE-50 catheter in a jugular vein. The
free end of the catheter was tunneled s.c. around to
the back of the neck and exteriorized. The urinary
bladder was exposed via a small midline suprapubic
incision, and a stab incision was made in the bladder
wall. A PE-160 catheter was implanted in the blad-
der, as illustrated in Figure 1. The distal end of the
catheter, which was drawn to a fine tip, was inserted
into the bladder and through the urethra. The cathe-
ter tip was cut off, leaving a 12-cm segment of the
catheter exposed. The flared proximal end of the
catheter was seated at the internal urethral orifice,
and the bladder incision was closed with two fine
sutures through the bladder serosa. As a restraining
device, an inch-wide gauze strip was attached to the
skin of the back of the rat with a small amount of
adhesive (Eastman 910 cement, Eastman Chemical
Products, Inc., Kingsport, TN). The animal was then
placed in a restraining cage consisting of cylindrically
arranged parallel metal bars. The ends of the gauze
restraining strip were fastened loosely to the sides of
the cage, permitting limited mobility of the rat within
the cage, but preventing rotational movement of the
animal that would twist or stretch the catheters. For
the subsequent seven days of the study, the rats were
given constant free access to food and drinking
water. (Composition of the diet, per 100 g, was:
protein, 44 g; fat 28 g; carbohydrate, 19 g; sodium
and potassium, 15 mEq each; vitamin mixture [ICN
Nutritional Biochemicals, Cleveland, OH], 2.2 g.)
Each rat received a constant i.v. infusion of 0.45%
sodium chloride, containing chloramphenicol (Chlo-
romycetin Sodium Succinate, Parke, Davis and
Co., Detroit, MI), 4 mg/mI, at the rate of 50 ml/kg of
body wt per 24 hr by syringe pump. The pump was
Fig. 1. Method for implanting polyethylene b/adder catheter. See text for details.
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enclosed within a small refrigerated chamber, whose
purpose was to maintain the infusion solution at 0 to
4°C. Urine from the bladder catheter was continually
collected into a flask immersed in ice. The urine flask
was changed daily, and the volume and sodium and
potassium concentration of the urine were measured.
Seven days after initial surgery (on day 8), the rat
received a priming dose and infusion of [methyoxy-
3H]-inulin. Urine was collected in tared plastic vials
for two 30-mm periods, and blood was collected
terminally from the tail. The rat was killed by a bolus
i.v. injection of pentobarbital, 50 mg. The kidneys
and genitourinary tract were carefully inspected.
Rats were excluded from the study if there was any
evidence of urinary tract obstruction or infection; ten
animals were rejected on this basis. The kidneys
were removed, stripped of their capsules, blotted,
and weighed immediately on a microbalance (Mettler
Instrument Corp., Princeton, NJ). After drying at
100°C for 24 hr, the kidneys were reweighed. Urine
volumes were determined by weighing. 3H-inulin
was measured in plasma and urine by liquid scintilla-
tion counting, as described previously [4]. Plasma
urea concentration was determined by the phenate-
hypochlorite method [5]. Using these procedures,
the following protocols, illustrated in Figure 2, were
carried out, with eight rats in each group.
Group I: Sham-manipulated controls (SHAM).
These rats were studied as above, with no additional
experimental manipulations.
Group II: Haif-urine-reinfusion ('/2UR). In these
rats, half the urine output was reinfused i.v. from
days 2 through 8. Each day, the volume of urine
collected over the preceding 24 hr was measured,
and half the volume was passed through a microbio-
logic ifiter (0.22 tm pore size, Falcon, Division of
Becton, Dickinson and Co., Oxnard, CA). This fil-
tered portion was added to the daily aliquot of chlor-
UR:
half urine-reinfusion,
both kidneys intact.
rRefrigerated1%J\\=4J
Bacteriologic
i_, filter, O.22p
N Discard
Uni-nx:
unilateral nephrectomy.
0.45% Saline11 =i1
kidney
removed
CDiscard
Fig. 2. Experimental protocols. '/2UR: Rats subjected to iv. reinfusion of half their urine
output. Uni-Nx: Rats whose right kidney was removed on day 1. SHAM: Sham-manipulated
control rats.
Day 1 Day 1-8
All 3 groups:
11 Ether anesthesia.
2) Jugular vein catheter (PE-50).
3) Bladder catheter (PE-160).
4) Placed in restraining cage.
Day 8
All 3 groups:
1) GFR measured.
2) Rat sacrificed.
3) Kidney(s) weighed,
dried at 100°C
for 24 hr,
reweighed.
Sham:
sham-manipulated
control,
both kidneys intact.
10.45% Saline I
__________
Discard
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amphenicol-saline (above), and the flow rate of the
syringe pump was adjusted so as to infuse i.v. the
resultant solution over the subsequent 24 hr.
Group 111: Unilateral nephrectomy (Uni-Nx). In
these rats, the right kidney was excised via a small
flank incision on day 1, at the time of initial surgery.
This kidney was weighed, dried, and reweighed, as
described above.
Calculations. In calculating renal growth, it was
assumed that the mean dry weight of the right kid-
neys of Uni-Nx rats, removed on day 1, was repre-
sentative of initial kidney weight in all three groups.
Total change in renal mass in each group was calcu-
lated as the difference between this estimated initial
value and the total dry kidney weight on day 8:
AM1 = (L1 + R1) — 2R111,
AM11 = (L11 + R11) — 2R111,
AM111 = L111 — R11,
where AM is total change in dry renal mass; L and R
are left and right kidney weights, respectively; R11, is
the mean weight of the right kidneys of Uni-Nx rats;
and I, II and III signify SHAM, 1/2UR and Uni-Nx
rats, respectively.
Statistics were calculated according to methods
described by Steel and Torrie [6]. Analysis of vari-
ance, with Kramer's modification of Duncan's multi-
ple-range test, and Student's t test were used as
appropriate to compare group means. A probability
value less than 0.05 was regarded as significant.
Values are presented as means 1 SEM.
Results
Kidney size. Eight '/zUR rats received an i.v. rein-
fusion of half of their urine output for a period of six
days, thus simulating the loss of renal excretory
function that would accompany the removal (or func-
tional loss) of one kidney, but leaving both kidneys
intact. The kidney weights of the '/2UR rats at the end
of this period, in comparison with values for SHAM
and Uni-Nx rats are given in Table 1 and are illustrat-
ed in Figure 3. There were no significant differences
between the left and right kidney weights (wet or
dry) for either SHAM or '/zUR rats. The '!2UR kidney
weights were significantly greater than those of the
SHAM rats (wet weights: 1.190 g SEM 0.063 vs.
0.912 0.017; dry weight: 0.239 0.010 vs. 0.192
0.006; P < 0.01 for both). The 1/2UR kidneys were
also markedly heavier than the right (nephrecto-
mized on day 1) kidneys of the Uni-Nx rats (wet
weight, 50% greater dry weight, 32% greater; P <
0.01 for both). Wet and dry kidney weights of the
Table 1. Renal mass, functional characteristics, and body weight0
SHAM /sUR
Uni-Nx,
Left
Uni-Nx,
Right
Wet kidney wt, g 0.912' l.l9Ob l.261c 0.796
Dry kidney wt, g 0.l92' 0.239' 0.262c 0181d
C1', in//mm/kidney 0802b .Ø0h l.235c
C1°, ml/min/g of dry
kidney WI
4.11 4.48 4.73
Plasma [urea], mM 8.1 12.4 12.2
Body wt, day 1, g 194 200 194
Bodywt,day8,g 192 199 187
a Values are means SEM.
Average of left and right kidneys on day 8.
Remaining left kidney on day 8.
1! Right kidney, removed on day 1.
C10 = inulin clearance.
1.50
sT
•j-
TI1.25S
>
a)
1 .00
a)
0.75
0.30
0.25
S
a)
— 0.20
0.15
7
.±
;+÷F
Right Left
(day 1) (day 8)
T
Sham Uni-nxUR
Fig. 3. Kidney weights for SHAM and zL/R rats and the left
kidney of Uni-Nx rats on day 8, and for the right kidney of Uni-Nx
rats on day 1. Each circle represents the average of left and right
kidneys for an individual rat. Each triangle represents a single
kidney. Horizontal bars indicate means I SEM.
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SHAM rats were not significantly different from
those of the right kidneys of Uni-Nx rats.
The left kidney weights in the Uni-Nx rats, as
expected, were substantially greater than those of
the right kidneys, which had been removed on day 1
(59% and 44% increase in wet and dry weights,
respectively; P < 0.01 for both), and also greater
than values for SHAM rats (P < 0.01 for wet and dry
weights). In comparing the 1/2UR kidneys and the left
Uni-Nx kidneys, wet weights did not differ signifi-
cantly (Uni-Nx, 6% greater). Dry weight of the Uni-
Nx kidneys was 10% greater than mean individual
dry kidney weight in 1/2UR rats (P < 0.05). In order
to estimate the renal growth that occurred during the
week of study, the differences (zM) between esti-
mated initial (day 1) dry kidney weight and the total
dry kidney weights on day 8 were calculated in each
group. These results are shown in Table 2. Values for
Table 2. Total change in dry renal mass (zM) (g)a
SHAM +0.021 0.011
VaUR +0.116 0.019
Uni-Nx +0.080 0.007
Comparisons:
SHAM vs. '/2UR P < 0.01
SHAM vs. Uni-Nx P <0.01
1hUR vs. Uni-Nx NS
a Values are means 1 SEM. NS = not significant. See text for
method of calculation.
M in both 1/2UR and Uni-Nx rats significantly
exceeded that of SHAM animals. M was 44%
greater in V2UR rats than in Uni-Nx rats, although
this difference was not significant.
As shown in Table 3, the kidneys of all three
groups on day 8 contained significantly higher per-
centages of water than the Uni-Nx right kidneys on
Table 3. Water content of kidneys (%)a
SHAM 78.8 0.7
1/2UR 79.8 0.6
Uni-Nx, right (day 1) 77.1 0.5
Uni-Nx, left (day 8) 79.1 0.4
Comparisons:
SHAM vs. VzUR NS
SHAM vs. Uni-Nx R P <0.05
SHAM vs. Uni-Nx L NS
VaUR vs. Uni-Nx R p <0.01
Y2UR vs. Uni-Nx L NS
Uni-Nx R vs. Uni-Nx L P <0.05
a Values are means 1 5EM. NS = not significant. Uni-Nx R
and L = right and left kidneys, respectively, of Uni-Mx rats.
day 1. These findings agree with those of Malt and
LeMaitre [7], who observed that renal water content
in mice undergoes a slight, sustained increase follow-
ing either unilateral nephrectomy or sham operation.
Likewise, our data do not indicate whether this
increase represents an increase in intracellular, inter-
stitial, or intratubular water content.
Renal .ti,nction. Inulin clearance (C1) was mea-
sured on day 8 in six SHAM, eight '/2UR, and seven
Uni-Nx rats. These results are shown in Table 1. C111
per kidney was increased in the Uni-Nx rats by 54%
(P < 0.05) compared with the SHAM value. The
V2UR rats displayed a 27% increase in C1, a differ-
ence that was not significant. When C111 values were
calculated on the basis of dry kidney weight, there
were no significant differences among the three
groups, suggesting that changes in kidney mass and
filtration rate were, to a large extent, parallel. Plasma
urea concentration was measured in seven SHAM,
eight 1/2UR, and seven Uni-Nx animals on day 8. As
Table 1 shows, plasma urea concentrations in the
'I6UR and Uni-Nx rats were quite similar on day 8,
and both values were greater than the mean value
observed in SHAM rats (P < 0.05 for both).
Each group exhibited different patterns for the
excretion rates, per kidney, of urine (V), sodium
(UNaV) and potassium (UKV) throughout the week of
study, as illustrated in Figure 4. V, UNaV, and UKV
in the SHAM rats rose in the first three days, then
declined in the remaining four periods. In compari-
son with the SHAM rats, the Uni-Nx animals exhib-
ited immediate and sustained increases in V, UNaV
and UKV throughout the entire week. Interestingly,
these increases were consistently approximately
two-fold, indicating that compensatory increases in
renal function occurred promptly in the remaining
kidney of the Uni-Nx rats following nephrectomy. In
the t/2uR rats, patterns of excretion resembling those
of the SHAM animals were seen initially, followed
by patterns more similar to those of the Uni-Nx rats.
During periods four, five, and six, V, UNaV, and UKV
in the V2UR rats were significantly greater than val-
ues in SHAM rats, but did not differ significantly
from Uni-Nx values. In the seventh period, UNaV
and UKV in the 1/sUR rats were significantly less than
those of Uni-Nx animals.
Body weight. Mean animal weights on days 1 and
8 are shown in Table 1. None of the three groups
differed significantly among each other with regard
to initial weight, final weight, or change in weight.
The greatest weight change was seen in the Uni-Nx
rats (3.7% decrease), but this change was not
significant.
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increase in the wet and dry weight of both kidneys.
This increase was evident by comparison with the
kidneys of either sham-manipulated control rats or
normal rats (Uni-Nx on day 1). Moreover, the calcu-
lated total increment in renal mass (dry kidney
weight) in the V2UR rats appears to have been some-
what greater than that calculated for the remaining
kidney of Uni-Nx animals. A feature common to
both the '/2UR and Uni-Nx models was the loss of
excretory function of one kidney. Our findings,
therefore, suggest that one or more factors normally
excreted in the urine, when partially retained in (Uni-
Nx model) or partially returned to ('/2UR model) the
circulation, may constitute a signal for growth of
renal tissue.
These data do not identify the compositional
nature, number, or anatomic origin of these urinary
factors. Furthermore, it remains to be established
whether these factors exert a direct growth-stimulat-
ing effect upon the kidney, or whether they act indi-
rectly, i.e., by stimulating the elaboration of reno-
tropic substances by another organ system. In
addition, since we measured mass and function of
the kidneys but not of other organs, it is not clear
whether these urinary factors are specific for renal
tissue. Some substances normally found in urine,
such as acid [8] and protein and related nitrogenous
compounds [91, are capable of stimulating renal
growth. It is possible that reinfusion of these sub-
stances in the 1/2UR rats, or retention in the Uni-Nx
rats, could have played at least a partial role in the
renal growth in both models. Finally, it should be
pointed out that renotropic mechanisms, in addition
to those related to retention of urinary products, are
likely to be activated by ablation of renal mass. For
example, Toback, Smith, and Lowenstein have
reported that an increase in cell membrane phospho-
lipid synthesis is detectable in a remaining kidney
within five minutes following contralateral nephrec-
tomy [10]. It seems highly improbable that such a
rapid response could be mediated solely by retention
of urinary products.
A number of investigators [3, 11—17] have previ-
ously used experimental models, often referred to as
"urinary diversion," that resembled the '/2UR model
of the present study. In contrast to our results, the
great majority of these earlier studies have failed to
demonstrate that retention of urine was followed by
evidence of renal growth. Hinman [11] reported that
transplantation of one ureter in dogs into the duoden-
um for "several months" led to increased kidney
size bilaterally; the data to support this observation,
however, were not specified by the author. Subse-
quently, Block, Wakim, and Mann 1112] observed
I
100
Uni-nx
UIR
Sham
Uni-nx
URSham10 -5
8
4
I
E
>
Uni-nxUR
Sham
1 2 3 4 5 6 7 8
Day
Fig. 4. Daily excretion rates of water (V), sodium (UNaV) and
potassium (UKV), per kidney. Values are expressed as means 1
SEM.
Discussion
The experimental model used in this study, the
VaUR rat, was designed to simulate the loss of excre-
tory function that would follow the physical or func-
tional loss of one kidney, while leaving the renal
mass, and presumably the nonexcretory renal func-
tions intact. This selective halving of excretory func-
tion was accomplished by the continual i.v. reinfu-
sion of half the urine output. The major finding of this
study was that this procedure led to a significant
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that unilateral ureteroduodenostomy in rats did not
result in renal enlargement. In addition, diversion of
one ureter into the peritoneal cavity [3, 13—161 has
been reported not to lead to increases in renal mass
[3, 14, 15], renal DNA synthesis [13], or mitotic
activity in the renal cortex [16], unless the diverted
kidney became severely hydronephrotic and atroph-
ic [141. Morris [17] performed anastomosis of one
ureter in rats with the inferior vena cava, and repon-
ed that this procedure was followed, after six weeks,
by bilateral renal growth. This conclusion was based
on increases in dry kidney weight and renal DNA
content, both factored for final body weight, in com-
parison with sham-operated control rats. Interpreta-
tion of those results, however, is complicated by the
fact that the control rats of that study gained consid-
erably more weight than the rats with uretero-caval
anastomosis, and that, in absolute terms, the two
groups of animals did not differ with respect to either
DNA content or dry weight per kidney. Therefore,
Morris's finding that uretero-caval anastomosis
results in renal growth [17] appears to be based on
data that are not entirely conclusive. The reasons
why these previous studies of urinary diversion led
to results that differ from our present observations
are not clear. It is possible that at least some sub-
stances in urine, when diverted into the gastrointes-
tinal tract or peritoneal cavity, would be incomplete-
ly transferred to the circulation due to poor
transmembrane diffusibility or to degradation by
digestive enzymes or intestinal bacteria. In addition,
diversion of urine into the peritoneal cavity has been
reported to result in peritonitis [15, 18], a factor that
markedly inhibits the appearance of renal hypertro-
phy following unilateral nephrectomy [18].
Previous studies have demonstrated that following
nephrectomy, the remaining kidney promptly ex-
hibits increases in glomerular filtration rate [3, 19—
23] and the excretion rates of water, sodium, and
other solutes [3, 19, 20, 23]. As expected, such
functional changes were noted in the remaining Uni-
Nx kidney in the present study. Changes in function
also occurred in the 1/2UR kidneys, although to a
lesser degree than in the Uni-Nx kidney. The
increases in excretion rates of water, sodium, and
potassium in the 1/2UR rats were clearly delayed as
compared with the Uni-Nx rats, a finding attributable
in part to the fact that urine-reinfusion in the ¼UR
animals was begun 24 hr after nephrectomy was
performed in the Uni-Nx rats. Differences in excre-
tory rates between the two groups might also have
been due partially to differences in oral intake and
fecal excretion of water and electrolytes, variables
not measured in this study. Although the Uni-Nx rats
lost somewhat more weight than the Y2UR rats, it is
uncertain to what degree the weight changes of any
of the animals were related to changes in fluid bal-
ance, or lean body mass, or both. It is difficult,
therefore, to ascribe the functional differences
between the 1/2UR and Uni-Nx rats to a specific
mechanism.
Although the mechanisms of change in renal func-
tion are not identified for either the 1/2UR or Uni-Nx
groups, it is of interest that solute excretion rates
were increased in both groups compared with
SHAM rats. An increase in renal "work" conse-
quent to the increased solute load that a remaining
kidney must excrete has been invoked as the stimu-
lus to compensatory renal hypertrophy [11, 24, 25].
Several groups of investigators, however, have
clearly dissociated renal growth from filtered or
excreted solute load. For example, Bugge-Asper-
heim and Kiil [16] and Weinman et a! [3] have
shown that diversion of one ureter into the peritoneal
cavity leads to increased filtration and excretion
rates without evidence of renal growth. Further-
more, Northrup and Malvin [23] and Katz, Toback,
and Lindheimer [26] have demonstrated that preven-
tion of a rise in filtered load in a remaining kidney
following nephrectomy does not inhibit compensato-
ry renal growth. Thus, although solute load per kid-
ney was increased in both the 1/2UR and Uni-Nx rats,
it is unlikely that this was an important stimulus for
the renal growth exhibited by either group.
In summary, continual i.v. reinfusion of one-half
the urine output in rats with both kidneys intact—a
procedure designed to selectively halve renal excre-
tory function—led both to renal growth and to
increases in the urinary excretion rates of water,
sodium, and potassium. These findings are consis-
tent with the concept that following unilateral neph-
rectomy or unilateral ureteral obstruction, circulato-
ry retention of factors normally excreted in the urine
may provide at least part of the stimuli to both
growth and increased function of the remaining
intact renal tissue. The number, chemical nature,
source, and specificity of these urinary factors
remain to be established.
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